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Summary. Fusarium graminearum is the most important deoxynivalenol (DON) producing species in northern Eu-
rope and Asia. The highest DON levels in Finland have been found in oat grain, and DNA levels of F. graminearum 
are in agreement with DON levels, when DON is measured by accredited GC-MS. In addition to DON, 3ADON is 
present in Finnish grain samples. Large variations in DON content and amounts of F. graminearum DNA, and poor 
coefficient of determination (R2) between these, have been detected in oat grain when the RIDA®QUICK SCAN kit 
results for DON content have been used. This study confirmed that the coefficient of determination was usually 
less when DNA or DON were extracted from oat flour, which was not ground with 0.8 mm or 1 mm sieves. DON 
levels obtained with the Rida®Quick method were usually higher than those obtained with accredited GC-MS 
in Finnish oat, barley and wheat samples. The homogenization of the oat flour by sieving is therefore likely to be 
connected to the variations in DON detection. Amounts of F. graminearum DNA and DON close to legislative limits 
should be reconfirmed with accredited quantitative analyses.
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Introduction
Fusarium head blight (FHB) was first described 
in Europe in England in 1884 (Parry et al., 1995). By 
1924, FHB was already found in England, Russia, 
Sweden, France, Italy, Germany, Holland and Nor-
way. According to Sundheim et al. (2013), the first F. 
graminearum isolate in Norway was found from oat 
in 1911, while in Finland the fungus was reported in 
1932 (Rainio, 1932). At present, FHB is common in 
all European countries producing wheat, maize, and 
other cereals such as barley and oat. 
Fusarium graminearum sensu stricto, together with 
other closely related species of the F. graminearum spe-
cies complex, is the most common cause of FHB in 
wheat, barley, oat and other small grain cereals in most 
parts of the world. The main species of F. graminea- 
rum species complex in Europe is F. graminearum sensu 
stricto, which is also the most important deoxynivale-
nol (DON) producer in most countries in Europe (Pas-
quali et al., 2016; Yli-Mattila and Gagkaeva, 2016).
Fusarium graminearum DNA levels in oat are as-
sociated with DON levels, when DON is measured 
by gas chromatography-mass spectrometry (GC-
MS). When the Rida® Quick Lateral Flow test results 
for DON content were compared to DNA levels of F. 
graminearum, the relationships between the two were 
much less distinct. The homogenization of the oat 
flour during grinding of grain and passage through 
a 1 mm sieve is likely to be connected to this varia-
tion (Yli-Mattila et al., 2013).
In the Nordic countries, high levels of F. graminea-
rum and DON have been found especially in oat grain, 
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while in north-western Russia F. graminearum was 
found only after 2003 (Yli-Mattila et al., 2009; Yli-Matti-
la and Gagkaeva, 2010; Fredlund et al., 2013; Sundheim 
et al., 2013). High grain infestation levels of F. graminea-
rum and amounts of DON have caused serious losses 
in germination at many instances e.g. in Norway (Ki-
men Seed Laboratory, 2009). Increased F. graminearum 
and DON levels may be associated with climate change 
(van der Fels-Klerx et al., 2012). These effects have led 
the requirement for seed imports into Norway.
Recently, F. graminearum has been spreading 
northward in Europe (e.g., Waalwijk et al., 2003; Ni-
cholson et al. 2003; Stepien et al., 2008; Nielsen et al., 
2011; Talas et al., 2011; Somma et al., 2014; Suproniene 
et al., 2010, 2016) displacing the closely related F. cul-
morum. This shift may be due to changing agricul-
tural practices, climate change and increased maize 
cropping. In Finland, F. graminearum was reported in 
cereals in 1932 (Rainio, 1932) and in the 1960s (Uoti 
and Ylimäki, 1974), and this fungus has been present 
since then (Ylimäki et al., 1979; Eskola et al., 2001). 
In north-western Russia F. graminearum was found 
more recently (Yli-Mattila et al., 2009). Fusarium 
graminearum is also present in Norway, Sweden and 
Estonia (Yli-Mattila et al., 2011). According to Sund-
heim et al. (2013) and Aamot et al. (2015), F. gramine-
arum has become the dominant DON-producing 
species in Norway since 2000. Also in Finland, F. 
graminearum is now the main DON-producer in cere-
als (Yli-Mattila, 2010, Hietaniemi et al., 2016)
The 3ADON chemotype of F. graminearum is 
dominant in most northern areas, while the 15ADON 
chemotype is predominating in Central and south-
ern Europe (Pasquali et al., 2016). The north-western 
Russian isolates belong to the 3ADON chemotype, 
like Finnish isolates and unlike most isolates from 
southern Russia. This suggests that the north-west-
ern Russian F. graminearum populations may have 
originated from Finland, while the southern Russian 
populations may be more closely related to the cen-
tral and southern European 15ADON populations, 
as suggested by Yli-Mattila (2010).
Several immunological methods have been devel-
oped for estimation of DON levels in routine analyses 
carried out by food laboratories. However, antibodies 
may show cross-reactivity with analogous compounds. 
Thus, DON can be overestimated, with 15ADON, 
3ADON, DON-3β-glucoside and other DON deriva-
tives, which are masking compounds formed by plant 
detoxification activity (Lemmens et al., 2005; Audenaert 
et al., 2013) , while matrix effects can lead to over- or 
under-estimation of mycotoxins (Aamot et al., 2012).
The aim of the present study was to investigate 
DON levels in Finnish cereal grain, obtained with ac-
credited GC-MS and Rida®Quick methods, to com-
pare these with F. graminearum DNA levels, and also 
measure effects of grain grinding methods on DON 
and F. graminearum DNA levels.
Materials and methods
Fusarium isolate
The single spore isolate G243 of F. graminearum 
was used as the standard in qPCR assays, as de-
scribed by Yli-Mattila et al. (2008, 2011).
Mycotoxin analyses
Oat grain samples (21 samples) of the year 2013 
were a part of the total number of samples ana-
lyzed for DON, 3ADON, 15ADON and other tri-
chothecenes at MTT Agrifood Research Finland 
(Natural Resources Institute Finland, FI-31600 Jo-
kioinen, Finland). These were selected from 125 oat 
samples, so that in 19 samples had DON levels great-
er than 1,750 ppb, one had 1,100 ppb DON and one 
had less than 200 ppb. In addition, the DON levels in 
20 oat samples from the year 2013 were estimated us-
ing Rida® Quick Scan mycotoxin tests (R-Biopharm 
AG). These samples were selected so that 15 con-
tained more than 1,750 pbb of DON and five samples 
had less than 1,750 ppb. At MTT, the trichothecenes 
were extracted and analyzed with an accredited GC-
MS method, as described by Hietaniemi et al. (2004) 
and Yli-Mattila et al. (2011). The grain flour was pro-
duced using a Falling number hammer mill KT-120 
(Koneteollisuus Oy) using a 1 mm sieve in order to 
obtain homogenous samples and to achieve good 
repeatability in mycotoxin and DNA measurements. 
The grain samples from a major milling company 
were used for Rida®Quick measurement of DON 
and they were ground using a separate mill without 
a sieving procedure prior to toxin measurement. 
DNA extraction
At the University of Turku, the 21 oat grain sam-
ples from MTT and the 20 samples from the milling 
company used for mycotoxin analyses were ground 
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for DNA extraction using a mill (Krups KM75 Coffee 
Grinder) without sieving as described by Yli-Mattila 
et al. (2013). DNA was extracted from ground grain 
samples and from the F. graminearum isolate G243 
standard using the GenElute™ Plant Genomic DNA 
kit (Sigma-Aldrich), as described by Yli-Mattila et al., 
(2008, 2009, 2013). 
Quantitative PCR
The TMFg12 primers and probe have been de-
signed for the F. graminearum specific RAPD-PCR 
product (Yli-Mattila et al., 2008). An IQTM5 Real-
Time PCR Detection System (Bio-Rad) was used for 
running qPCR samples. Amounts of Fusarium spe-
cies DNA in grain samples were determined as total 
DNA quantified by a Qubit fluorometer (Invitrogen), 
as described by Yli-Mattila et al. (2011).
Rida®Quick DON analyses
Oat (30), wheat (20) and barley (20) samples from 
different locations in Finland were analyzed using 
the Rida®Quick DON method at Turku University of 
Applied Sciences (TUAS), and the results were com-
pared with the accredited GC-MS method described 
above. The reproducibility of the method was tested 
with six parallel samples from the three cereals, with 
three different DON levels. Ground oat samples (12) 
were also obtained from an industrial laboratory 
(Laboratory 1), and 12 ground wheat samples were 
obtained from a second industrial laboratory (Labo-
ratory 2).
Grain samples for comparing the two meth-
ods for measuring DON levels were ground using 
three mills. In Laboratory 1 they were ground using 
laboratory mill KT 30 (Koneteollisuus OY) without 
sieving, while in the Laboratory 2 the samples were 
ground by laboratory mill 3100 Falling number with 
a sieve of 0.8 mm. At MTT, a laboratory Falling num-
ber hammer mill with a 1 mm sieve was used as de-
scribed above.
Each ground grain sample (1 g) was placed in a 
Falcon tube and 15 ml of Rida®Quick DON extrac-
tion buffer was added. The mixture was manually 
shaken for 3 min before centrifugation for 10 min 
(3,500 g). The clear supernatant (100 μL) was pipet-
ted onto the application area of the test strip and the 
result was read after 5 min. 
Statistical analyses
R2 (coefficient of determination), regression slope 
and P (significance of regression slope) were calcu-
lated using the SigmaPlot version 12.0 (SPSS Inc.). 
The original DNA and toxin concentrations were 
transformed to logarithmic values [1 + lg (x)] to ob-
tain normal distribution for these parameters. Sam-
ples giving concentrations less than 0.5 mg kg-1 or 
greater than 5.5 mg kg-1 with Rida®Quick were ex-
cluded from the analyses, because these values were 
outside the linear part of the detection.
The reproducibility between amounts of DON 
estimated with Rida®Quick in oat grain samples 
was tested using three samples with DON levels of 
1.4, 1.7 and 2.1 mg kg-1 (n = 6, Table 1). Commercial 
standard (Check sample Deoxynivalenol in wheat. 
Romer Labs. 1.431 ± 0.2566 mg kg-1) was also used. 
In barley, the DON levels were 0.81, 1.30 and 1.60 
mg kg-1, while in wheat they were 0.79, 1.00 and 1.40 
mg kg-1. Rida®Quick results were compared to ac-
credited GC-MS results using regression analysis, 
and paired t-tests were applied to reveal the 95 % 
significance level. Relative standard deviation (RSD 
%) was also calculated. 
Table 1. The reproducibility of DON detection results 
(mean + SE of six DON extractions and DON measure-
ments for each ground grain sample obtained from MTT) 
in oat, barley and wheat grain samples with three different 
DON contents.
Grain MTT result (mg kg-1)
Rida®Quick result 
(mg kg-1 ± SE)
RSD 
%
Oat 1.40 1.69 ± 0.04 5.27
1.70 1.98 ± 0.07 8.51
2.10 2.32 ± 0.09 9.87
Barley 0.81 1.80 ± 0.16 22.3
1.30 2.30 ± 0.12 12.7
1.60 2.32 ± 0.150 15.8
Wheat 0.79 1.32 ± 0.06 22.6
1.00 1.59 ± 0.15 12.0
1.40 2.11 ± 0.10 10.3
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Results
In the reproducibility analysis between the 
Rida®Quick and GC-MS detection methods, most 
results gave RSD percentages equal to or less than 
20, especially when the DON levels were close to or 
above the allowed limit (Table 1).
The correlation between F. graminearum DNA and 
DON levels in Finnish oat samples from the year 2013 
was greater (R2 = 0.76), when the DNA was extracted 
and measured from grain samples ground at MTT 
using a mill with a sieve. When the F. graminearum 
DNA was measured from the same grain samples 
ground at the University of Turku, using a method 
lacking the sieve, the correlation was less (R2 = 0.31, 
Figure 1). The R2 value from 20 oat samples from a 
food company was 0.71, which was also less than for 
grain samples ground at MTT (Figure 2).
There was a good correlation between the DON 
levels obtained from 30 oat, 20 barley and 21 spring 
wheat samples using accredited GC-MS and the 
Rida®Quick method (Figure 3). Pearson correla-
tion values were 0.935, 0.931 and 0.935, respectively, 
for oat, barley and spring wheat samples. R2 values 
were 0.88, 0.80 and 0.89, respectively, for the oat, 
barley and spring wheat samples. However, paired 
t-tests (t-values 5.694, 7.854 and 3.544, respectively, 
for the three grain types) showed differences at the 
95% significance level between the Rida®Quick and 
GC-MS results in all three cereals. This was main-
ly due to the greater DON values obtained using 
Rida®Quick method, including seven false positive 
oat and five false positive barley and wheat samples 
with Rida®Quick. 3ADON levels were measured in 
oat samples and they were usually about 10–20% of 
the DON levels.
The reproducibility of DON levels is shown in 
Table 1. Commercial wheat standard (Romer Labs 
1.431 mg kg-1) resulted on average 2.11 mg kg-1 with 
RSD 21 %.
When the DON levels from oat grain samples 
ground at MTT and analyzed with the accredited 
GC-MS were compared to those obtained from the 
same samples in two industrial laboratories and 
TUAS with the Rida®Quick method, the correlations 
were high (R2 usually greater than 0.89; Figure 4), al-
though DON amounts obtained with GC-MS were 
usually less in oat, wheat and barley samples (Table 
1). The correlation was also good, when DON levels 
from wheat grain samples ground in Laboratory 2 
with a mill having a sieve were compared with the 
Rida®Quick method in the three laboratories (R2 > 
Figure 1. Correlation between log Fusarium graminearum 
DNA and log deoxynivalenol (DON) concentration in 
Finnish oat grain samples in 2013. In all samples DON 
was measured at MTT using accredited GC-MS. DNA was 
measured either from grain samples ground, at MTT, in a 
mill with a sieve or from the same grain samples ground 
with a mill without a sieve, at UTU. Regression slopes and 
R2 (coefficient of determination) values are shown. * and 
*** indicate statistically significant (P<0.05 or 0.001).
Figure 2. Correlation between log Fusarium graminearum 
DNA and log deoxynivalenol (DON) concentrations in 
Finnish oat grain samples in 2013. DON level was esti-
mated using the RIDA® QUICK SCAN. Oat samples were 
ground by a milling company for DON analysis, or by 
Turku University without sieving for DNA extraction. Re-
gression slopes and R2 (coefficient of determination) values 
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Figure 3. Correlations between log deoxynivalenol (DON) concentrations in Finnish oat (a), barley (b) and wheat (c) grain 
samples in 2013, estimated using the RIDA® QUICK SCAN compared with to log DON concentrations obtained at MTT 
by using GC-MS.  The samples  were ground using the same mill at MTT for DON estimation, with sieving. Regression 
slopes and R2 (coefficient of determination) values are shown. *** indicates statistically significant (P<0.001). 
Figure 4. Correlations between log DON concentrations in oat grain processed at two milling company laboratories (Lab 1 
and Lab 2), compared with DON concentrations measured at TUAS and MTT. The grain samples were ground at MTT (a) 
in a mill with a sieve, or at Lab 1 (b) in a mill without a sieve. *** and ** indicate statistically significant (P<0.001 or 0.01). 
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0.9, Figure 5). In contrast, when DON levels from oat 
grain samples ground in Laboratory 1 with a mill 
without a sieve were compared with Rida®Quick 
method in the three laboratories, the correlations 
were less correlated (usually < 0.8, Figure 5).
Discussion
Our results indicate that the semiquantitative 
Rida®Quick method for DON detection in most cas-
es met the requirements of the Commission Regula-
tion (EC) 401/2006 for DON determination, since the 
RSD percentage values were equal to or less than 20.
DNA levels of F. graminearum in oat grains were, 
in all cases, in agreement with DON levels when 
DON was measured by accredited GC-MS. When 
the Rida®Quick DON kit results were compared 
to DNA levels of F. graminearum, the variation was 
much greater. Securing the homogenization of the 
oat flour using a 1 mm sieve as compared to grinding 
without a sieve was associated with the variations of 
DON and F. graminearum DNA levels. These results 
are in agreement with previous results (Yli-Mattila et 
al., 2013; Hietaniemi et al., 2016).
More false positive results were also found in all 
three cereals when using the Rida®Quick method as 
compared to accredited GC-MS detection. This was 
due to the generally higher DON levels obtained with 
the Rida®Quick method. The false positive results 
may have been at least partially due to 3ADON found 
detected in oat samples. Excessively high values of 
DON have also been previously detected using some 
rapid immunological tests (e.g. Aamot et al., 2012).
The DON levels obtained with the Rida®Quick 
method were usually greater than those obtained 
Figure 5. Correlations between log DON concentrations in wheat grain samples ground at Lab 2 (a) and MTT (b), both in 
mills with sieves. *** indicates statistically significant (P<0.001 or <0.01).
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with the accredited GC-MS method, in all three cere-
als. However, the semiquantitative Rida®Quick DON 
method used here met, in most cases, the require-
ments of the Commission regulation (EC) 401/2006 
for a quantitative DON determination. This should 
show RSD % equal or less than 20. But with low DON 
levels in barley and wheat, the RSD % was above 20%.
For consumers, low DON amounts guarantee 
that the DON levels are below the EU limit, but for 
farmers they mean that their crops may be rejected 
due to false positive DON values. We conclude that 
both RIDA® QUICK SCAN and qPCR can be ap-
plied to screening for detection of high DON levels 
in cereal grain samples, but the Rida®Quick assays 
indicating DON contents close to the legislative lim-
its should be repeated and, if necessary, reconfirmed 
with an accredited quantitative analysis. In future it 
is important that assay results obtained from differ-
ent rapid immunoassay kits used by food industries 
are compared to those obtained using accredited 
chemical analyses.
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